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When a radio signal reaches the 
antenna or energy collecting sys¬ 
tem of a receiver it is comparative¬ 
ly iceak. In fact, it is much too 
weak to operate the usual sound 
reproducer (speaker) so as to give 
a satisfactory level of audible 
sound waves. This is one of the 
prime reasons why a vacuum tube 
is necessary — to build up the 
strength of a received signal to a 
useful level. 

To understand what must be 
done to a signal once it is received 
consider its basic form. First of 
all, it should be understood that it 
is a high frequency signal—much 
too high in frequency for the hu¬ 
man ear to hear it. So, besides be¬ 
ing extremely weak when it is re¬ 
ceived, it is in the wrong form for 
direct use. Thus, the first job to be 
done to a received signal is to build 
it up in strength. The section of a 
radio set which does this is called 
the R. F. (radio frequency) ampli¬ 
fier. This section includes tubes 
and various tuned circuits. The 
tubes increase the strength of the 
signal and the tuned circuits per¬ 
mit just the one signal to be select¬ 
ed out of all others. Thus, the R. F. 
amplifier provides strength and 
selectivity. The latter term will be 
given adequate treatment in other 
lessons. Adding strength to a sig¬ 
nal or building it up to a higher 
level is called amplification. 

After the signal has been select¬ 


ed and properly amplified its fre¬ 
quency must be changed. There are 
two commonly accepted methods of 
doing this—each employing a dif¬ 
ferent type of circuit. The final re¬ 
sult of either method is a change of 
the signal frequency from a rela¬ 
tively high value to a low A. F. 
(audio frequency) which will op¬ 
erate a speaker. The changing of 
the signal frequency from R. F. to 
A. F. is called detection or demod¬ 
ulation, The two types of circuits 
previously mentioned are really 
types of receivers. The first and 
older type employs a T.R.F. (tuned 
radio frequency) circuit. In this 
method, the signal is built up to the 
desired level by one or more R. F. 
amplifier stages and then fed to 
the detector (the tube that changes 
the frequency) .In the second and 
much more popular type of re¬ 
ceiver, a superheterodyne type of 
circuit is employed. In this type of 
circuit, the signal goes through 
two frequency changes before it is 
fed to the A. F. amplifier. As in the 
T. R. F. circuit the signal is first 
selected and built up to the desired 
level. It is then fed to what is 
known as a first detector or mixer 
stage. Into this stage is also fed a 
signal or frequency from a local 
oscillator stage. The two frequen¬ 
cies (the received signal and the 
one from the local oscillator) are 
then mixed in the first detector 
stage. The result is a new fre- 
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The above shows a pictorial view of the triode tube in action. At the left is shown a triode tube 
of the lock-in type. Next in line sho-ws how the tube elements connect to the tube socket. The 
center illustration shows how the grid acts as a valve. The schematic diagram to the right shows 
the usual connections as they would appear in a radio diagram. Courtesy of Sylvania. 


quency which is fed to an 1. F. (in¬ 
termediate frequency) amplifier, 
and it in turn, feeds into a second 
detector or demodulator tube 
v/hich accomplishes the same thing 
as the detector in the T.R.F. type 
of receiver— that is, reduces the 
signal in frequency to a low A. F, 
value. 

Regardless of the type of circuit 
used after demodulation or final 
detection, the signal is again rela¬ 
tively weak and tubes must be used 
in an A. F. amplifier circuit to build 
the signal up to the level required 
to operate a speaker at comfort¬ 
able room volume. So from this 
brief explanation it ought to be 
clear to you that there is a definite 
need for amplifier circuits which 
require and must have radio tubes 
in order to operate. 

The foregoing should not be tak¬ 
en as a complete explanation of 
T.R.F. and superhetrodyne cir¬ 
cuits, selectivity, oscillators, R. F. 
and A. F. amplifiers, etc. They have 
been mentioned at this point to 
give you a definite picture of why 
radio tubes are needed and why 
you must study them. At the proper 
point in your studies, these new 
subjects will be introduced and 
given detailed explanation. So 


don't think this is all the instruc¬ 
tions you are going to get on these 
subjects. 

To return to the vacuum tube, it 
of itself is not very useful unless 
proper circuits are associated with 
it. For a tube to provide amplifica¬ 
tion there must be a method of 
feeding a signal to it as well as tak¬ 
ing the signal away from it after 
the tube has done its work. That 
part of a circuit which feeds a sig¬ 
nal to a tube is called the input and 
that part which feeds the signal 
on to some other unit is called the 
output. Thus every tube has an in- 
out and output circuit. Further on 
in this lesson, we will return to the 
input and output circuits. 

THE GRID AS THE THIRD 
ELEMENT IN A TUBE 

In a previous lesson it was men¬ 
tioned that Dr. Lee DeForest de¬ 
veloped the idea of a third element 
in a tube which he called a grid. 
With this discovery, the way was 
opened up for modem radio and 
television as we know it today. You 
will remember in the description 
of the diode tube the fact was 
brought out that its operation was 
made possible by the cathode emit¬ 
ting electrons which in turn were 
attracted by the positively charg- 




ed plate. This emission of electrons 
is roughly comparable to steam 
evaporating from a boiling tea¬ 
kettle. In other Avords, clouds of 
electrons are thrown off by the 
emitter or cathode. 

Not all of the electrons emitted 
by a cathode actually reach the 
plate, especially in a diode tube. 
There is a saturation point for a 
given value of plate voltage. This 
means, as explained in a previous 
lesson, that the plate will only at¬ 
tract so many electrons for a given 
plate voltage. For it to attract 
more electrons, the plate voltage 
must be increased. This is called 
plate voltage saturation. Another 
type of saturation is called temper¬ 
ature saturation wherein if more 
electrons are to be emitted by the 
cathode its temperature must be 
increased. It is not practical to 
control the flow of electrons by 
varying the cathode temperature, 
and besides, this shortens the life 
of a tube especially if a certain 
limit is exceeded for a given tube. 
Tube manufacturers, therefore, de¬ 
sign a tube for a rated heater volt¬ 
age and recommend that the tube 
be operated at or near this value. 
Also it has been proven that it is 
not satisfactory to control the elec¬ 
tron flow by varying the plate volt¬ 
age. So some other means must be 
employed to control the flow of 
current. The third element or grid 
provides this control to a very pre¬ 
cise degree. 

THE SPACE CHARGE 

It must be evident to you by this 
time that there is a very definite 
reason why there are saturation 
limits to the heater temperature 
and plate voltage. In other words, 
why doesn’t the space within the 
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tube act like any other conductor 
and so conduct the maximum 
amount of current? The reason 
for it is an effect within the tube 
in the space between the cathode 
and plate. It is called the space 
charge effect. In reality what 
happens is that a cloud of electrons 
collect between the cathode and 
plate. This cloud of electrons is 
nearer to the cathode than the 
plate. In fact, they surround it en¬ 
tirely and actually form a barrier 
or obstacle to the free flow of elec¬ 
trons as they leave the cathode. 

This electron idea is illustrated 
in Fig. 1 which shows an exagger¬ 
ated symbol of a diode tube. It is 
the indirect heater type employing 
a separate cathode. It is assumed 
that a suitable heater voltage is 
applied to the H-H terminals and 
that a source of D. C. is connected 
to the terminals K and P. The elec¬ 
tron cloud of the space charge is 
symbolized by a heavy concentra¬ 
tion of dots around the cathode 
with a few of them shown going 
over to the plate—representing 
normal current flow. 

When current is first turned on 
and plate current begins to flow, a 
cloud of emitted electrons begins to 
collect around the cathode because, 
due to the saturation limit of the 
plate, it cannot attract all of the 
electrons. In theory, the plate volt¬ 
age might be increased to the point 



where it would attract all of the 
electrons liberated by the cathode. 
In practice, this point is never 
achieved because the plate element 
would heat excessively and might 
melt. Should this happen, no use¬ 
ful purpose would be served be¬ 
cause there would be no control 
over the flow of electrons (cur¬ 
rent) . A control must be attained 
over the flow of current before the 
tube can be useful as an amplifier. 

As soon as the space charge 
forms, a certain few of the elec¬ 
trons reach the plate. However, a 
condition is soon reached where 
the electrons forming the space 
charge begin to repel the emitted 
electrons, forcing them back into 
the cathode thereby reducing the 
flow of current. The space charge 
being negative and very dense, can 
easily repel the emitted electrons 
back to the cathode. Some few 
electrons of very high speed do get 
through the ^pace charge and 
reach the plate. Too, as conditions 
permit the plate to draw electrons 
unto it, some of those making up 
the space charge move on to the 
plate, and others from the cathode, 
move into the area of the space 
charge to replace those which have 
gone on to the plate. 

When the condition is reached 
where the space charge repels elec¬ 
trons back to the cathode, the space 
charge momentarily becomes more 
negative than the cathode. The 
plate at the same time is taking 
electrons from the space charge 
and balance is soon restored until 
the space charge again increases 
in force and starts to repel elec¬ 
trons back to the cathode. Thus a 
cycle of events occur wherein the 




space charge acts as a relay be¬ 
tween cathode and plate. It is be¬ 
cause of this action that the space 
charge is sometimes called the true 
or virtual cathode. 

The chief problem then in vac¬ 
uum tube design is to obtain some 
method of control over the space 
charge. Since control of filament 
temperature and plate voltage has 
not proven satisfactory, some other 
means must be employed. Not only 
must the space charged be con¬ 
trolled, it must also, in many cases, 
be reduced. In other cases, it must 
be speeded up in its action so as to 
increase the flow of current to the 
plate. The grid and other elements 
of modern vacuum tubes are made 
to act on the space charge, and in 
that way control tube action. Many 
modern tubes have up to six, seven 
and eight elements—all of tnem in 
one way or another have an effect 
on the space charge. You will 
learn how all of this is accom¬ 
plished in the next few lessons. 

GAS REDUCES SPACE 
CHARGE 

One way of reducing the effect 
of the space charge is to include a 
small amount of gas within the 
tube envelope. Several types of 
gas may be employed for this pur¬ 
pose. In rectifier type tubes the 
mercury vapor (heavy type gas) 
tube is an outstanding example of 
the use of gas to reduce the effect 
of the space charge. You will re¬ 
member you studied about this 
tube in a previous lesson. When 
dealing with rectifier tubes, the ob¬ 
ject is to obtain large values of 
current flow with low values of 
voltage drop across the tube. In 
amplifier circuits a more accurate 
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MATERIALS USED IN RCA RADIO TUBES 


LEAD ACETATE-MALACHITE GREE N • GLYCERl N E • ZINC CHLORI DE • I RON 
MARBLE DUST-WOOD FIBER-STRONTIU M NITRATE- LEAD OXIDE • ZINC 0X1 DE 
MISCH METAL-NIG RO SINE - PORCELAIN-PETROLEUMJELLY- ZINC 


BARI U M CARBO NATE 


CALCIUM CARBONAT E 



Qases Used in (Manufacture 
NEON - HYDROGEN - CARBON DIOXIDE — ILLUMINATING GAS 
HELIUM - ARGON - NATURAL GAS — NITROGEN — OXYGEN 

Slements Entering into the (Manufacture 

ARGON - ALUMINUM - BORON — BARIUM - CAESIUM — CALCIUM — COPPER — CARBON - CHROMIUM - CHLORINE 

COBALT — HYDROGEN — HELIUM — IRIDIUM — IRON — LEAD — MAGNESIUM — MERCURY - MOLYBDENUM 

MCKEL — NEON — NITROGEN — OXYGEN — POTASSIUM — PHOSPHORUS — PLATINUM — SODIUM — SILVER 
SmCON - STRONTIUM - TUNGSTEN -THORIUM -TANTALUM -TITANIUM —TIN — ZINC — RARE EARTHS 


From examination of the above presentation you will see that many items are used in the manu¬ 
facture of radio tubes. Not all of the items listed are used in makinsr the type of tube shown, but 
different type tubes do require all or part of these various items during? the process of manufac¬ 
turing. Courtesy of R. C. A. 
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means of control is wanted than is 
obtainable by controlling filament 
temperature, plate voltage or by 
using gas. The grid or third ele¬ 
ment gives this control effectively 
as you will soon learn. 

To return to the mercury vapor 
tube, it reduces the effect of the 
space charge in the following man¬ 
ner. An electron liberated by the 
cathode travels at high speed to 
the plate unless the space charge 
becomes too dense. When current 
is first turned on the space charge 
does not exist. Therefore, the first 
few emitted electrons get over to 
the plate almost at once. In trav¬ 
eling to the plate, the first few 
electrons encounter on their way 
atoms of the mercury vapor. They 
are traveling at high speed and 
collide with the mercury atoms. 
This collision of electrons and 
atoms causes more free electrons to 
be liberated from the mercury 
atoms and, being at this point more 
under the influence of the positive 
plate than the negative space 
charge, the original electrons and 
those liberated from the mercury 
atoms immeditely move over to the 
plate. In the meantime, the orig¬ 
inal mercury atoms now become 
mercury ions (having lost elec¬ 
trons they become positively 
charged) and being positively 
charged and located nearer the 
plate than the cathode, the plate 
immediately repels them toward 
the space charge and cathode. The 
latter being negatively charged 
also exerts an attraction on the 
mercury ions. When the ions 
reach the space charge, they at 
once take on enough electrons to 
restore their electrical balance and 
they become mercury atoms again. 


The mercury ions having drawn 
unto themselves electrons in the 
space charge it means electrons 
can now leave the cathode and 
enter the space charge to replace 
those which have entered into the 
atomic structure. 

This cycle of events is repeated 
over and over again. The net ef¬ 
fect is a gain of electrons reaching 
the plate over the number which 
would reach it if there was no 
mercury vapor present. The fore¬ 
going description has applied to 
to just a few electrons and mer¬ 
cury atoms. Multipy this effect 
many millions of times and you will 
realize how easy it is for the mer¬ 
cury vapor to reduce the normal 
effect of the space charge. This 
is a fixed control of the space 
charge sealed within the tube. For 
amplification, we need a control 
external to the tube so that as the 
received signal is applied to the 
tube it may be made to act on the 
space charge. The grid as pre¬ 
viously mentioned provides this 
control and is, in effect, a variable 
control—a condition necessary to 
handle a varying signal. 

THE CONTROL GRID 

A diode tube contains two elec¬ 
trodes or elements —the cathode 
and plate or anode. When a grid 
is added to the tube structure it is 
called a triode, meaning one having 
three useful elements. Such a 
tube may also have a fourth ele¬ 
ment in the form of a filament, but 
it is not counted as a useful element 
if the tube employs a separate ca¬ 
thode. If no separate cathode is 
employed, then the filament be¬ 
comes the cathode and, in this 
case, is counted as an element. The 
third element or grid in most cases 
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is called a control gi^id because it 
controls the signal, and further, 
this term is used to avoid confusion 
with other grids which are in¬ 
cluded in other type tubes. 

The location of the control grid 
is adjacent to the cathode in the 
region where the space charge 
exists. This element is not solid 
metal but is made in the form of 
an open mesh similar to common 
wire screen. It may also be in the 
form of a wire spiral or other sim¬ 
ilar forms. The object of this con¬ 
struction is to provide several 
openings in the grid structure so 
electrons can pass through the grid 
on their way to the plate. 

Thus it is seen that the control 
grid is exactly in the path of the 
electrons and none can get over to 
the plate from the cathode or space 
charge without the grid exerting 
its influence on them. Therefore, 
by applying a voltage source to the 
grid it can be made to slow down 
and increase the flow of electrons, 
depending on the polarity of the 
charge on the control grid. 

GRID CONTROLS ELECTRON 
STREAM 

Your previous studies of electric 
lines of force will be useful at this 
time. You will remember when an 
electric charge exists (either pol¬ 
arity) between two conductors, 
electric lines of force are present, 
and reach out into space to a dis¬ 
tance, depending on the value of 
mltage representing the charge. 
These electric lines of force may 
be made to guide free electrons. It 
should be clear from this explana¬ 
tion and your previous studies that 
a charge placed on the grid of a 
tube will, therefore, by means of 


its electric lines of force exercise 
great control over the free elec¬ 
trons making up the space charge. 
There are magnetic effects present, 
too, but the principle method of 
control over the free electrons is 
by electro-static action. 

This control of electrons by elec¬ 
trostatic lines of force may be il¬ 
lustrated as in Fig. 2. This shows 
roughly the conditions which exist 
in a triode tube. The large dots in 
the center of the plate and cathode 
represent the spiral wires of the 
grid. The entire grid structure 
cannot be shown in this figure be¬ 
cause it is not in the same plane as 
the cathode and plate. The cathode 
and plate are represented in this 
figure as two parallel plates of a 
condenser. Only the general idea 
of electrostatic control of the elec¬ 
trons is supposed to be illustrated 
by Fig. 2. In practice, the cathode 
and plate are not as symmetrical as 
represented by this figure. How¬ 
ever, they do to some extent act as 
the plates of a condenser. Thus 
there is established between them 
electrostatic lines of force. In ad¬ 
dition, when a charge is placed on 
the grid other lines of force come 
into being and exist between the 
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grid and plate as well as between 
the grid and cathode—but the 
greatest effect of these is between 
grid and plate. Thus the lines of 
force in Fig. 2, represented by the 
dash lines, can only be symbolic of 
the total lines of force, and so do 
not represent just those of the grid 
or those between plate and cathode 
alone. The dot-dash lines in Fig. 2 
represent the path taken by the 
electrons as they travel from the 
cathode to the plate. Study Fig. 2 
and note the grid is directly in the 
path of the electrons and none can 
pass it without being under the in¬ 
fluence of the charge existing on 
the grid. This charge by means of 
its electrostatic lines of force 
reaches out to a considerable dis¬ 
tance away from the grid wires. 
Therefore, the acting influence is 
not just at the grid wire itself but 
also exists in the space adjacent to 
each grid wire. From this you can 
see that lines of force radiated 
from the grid wires can exert in¬ 
fluence on moving electrons even 
though they do not come into con¬ 
tact with the actual grid. These 
lines of force actually guide the 
electrons in their flight from the 
cathode to the grid. An important 
principle to recognize and remem¬ 
ber from this action is that the 
grid can exercise its control over 
the electrons even though there is 
no grid current flotv either inter¬ 
nal or external to the tube envel¬ 
ope. It is just the electrostatic ac¬ 
tion alone {voltage charge radiat¬ 
ing lines of force) that acts on the 
electrons-T-cutrent does not have 
to flow in the grid circuit for this 
action to occur, '^his is compara¬ 
ble to condenser action tvherein it 
retains a charge and lines of force 



exist between its plates loithout 
there being a current flotv. 


INPUT AND OUTPUT 
CIRCUITS 

Before studying the action of the 
control grid within a triode tube, 
you should first understand about 
its input and output circuits. Fig. S 
shows one type of R. F. circuit for 
a triode tube. Note the several 
ground symbols in this circuit. 
This indicates all the grounded 
parts of the circuit connect to the 
metal chassis of the receiver or to 
one common point. Usually a metal i 
chassis is used and you should re¬ 
member that it is a common con¬ 
ductor for several circuits. Thus 
the connections of the lower ends 
of coils LI and L2 to ground is the 
same thing as connecting them to¬ 
gether. The same principles hold 
true for the other grounded parts. 

The input circuit for a tube is 
that which exists across its control 
grid and cathode. Thus L2-C1 of 
Fig. S represents the signal input 
to the tube—the signal voltage be¬ 
ing induced from LI. You will rec¬ 
ognize that L2-C1 forms a series 
resonant circuit. Since the cathode 
of the tube is grounded through R 
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and C2 and since one end of L2-C1 
is grounded, these two points are 
effectively connected together to 
form a common circuit. The pur¬ 
pose of R in series with the cathode 
is to form a voltage drop across it 
to be applied as a negative voltage 
to the control grid—more details 
of this function will be given later. 
Condenser C2 is called a by-pass 
around E. Its purpose is to keep 
high frequency currents from en¬ 
tering R since its reactance in 
ohms offers less resistance to high 
frequencies than does the resist¬ 
ance of R. These are details to be 
brought out later. 

For the output circuit of the 
triode tube in Fig, S, L3 and L4 
serves this function. Variations 
of plate current of the tube set up 
varying lines of magnetic force in 
L3 and this induces a correspond¬ 
ing voltage in L4. The circuit of 
L4 may, in turn, feed the grid of 
another tube or any other suitable 
device. The purpose of C3 in Fig. 
S is to keep high frequency cur¬ 
rents from the plate out of the 
power supply and to help smooth 
the rectified D. C. fed to the plate. 
The positive of the power supply 
connects to the plate and the nega¬ 
tive of the power supply connects 
to ground. Since the cathode and 
negative of the power supply are 
grounded, an effective circuit is 
formed between plate and cathode. 
This, in turn, fulfills the conditions 
for the output circuit, for before 
the output circuit is completed, a 
circuit must exist between plate 
and cathode. Note that this means 
the cathode is common to both the 
input and output circuits. Be sure 
to keep this fundamental fact in 
mind. 


Note in Fig. S that there are 
three voltage sources: (1) The 
heater or filament voltage which 
may be either A. C. or D. C.; (2) 
The plate voltage which must be 
D. C., and (3) Control grid or grid 
voltage which also must be D. C. 
It is common practice in the radio 
industry to refer to the filament 
supply as the supply, the plate 
supply as the ‘‘B’' supply and the 
grid supply as the ‘‘C’’ supply. 
More often the reference is simply 
A voltage ,B voltage and C voltage. 
You should memorize these defini¬ 
tions. 

From the foregoing explanation, 
you will now understand that a 
radio tube must employ an input 
and output circuit before the grid 
can be made to exercise its control 
over the space charge. With this 
understanding, you are in a posi¬ 
tion to appreciate the fundamental 
actions of the triode tube, and you 
will soon understand the reason for 
the following detailed study. 

Dr. DeForest found upon em¬ 
ploying a grid that the output volt¬ 
age of a triode tube could be made 
greater than the input voltage. In 
other words, he had discovered am¬ 
plification, which meant making it 
possible to strengthen the very 
weak output of the diode. It is but 
a small step from a consideration 
of the diode. Fig. Uy to a triode, so 
you should now refer to Figs. 5 and 
6 . 

TRIODE TUBE SYMBOLS 

Fig. 5 shows the electrical sym¬ 
bol of a filament or direct heater 
type of triode tube such as you will 
find in the usual schematic dia¬ 
gram. Try to remember this fun¬ 
damental symbol. Fig. 6 shows the 
physical arrangement of the ele- 
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ments of an indirect heater or ca¬ 
thode type of triode tube. Study 
this figure and try to keep in mind 
this physical arrangement of the 
triode tube elements as you con¬ 
tinue your study of this lesson. 

There are several types of triode 
tubes in common use. Two of these 
are the 30 and 56 types. There are 
later type tubes but they all oper¬ 
ate on the same general principles, 
so these two types will serve to il¬ 
lustrate the several types of triodes 
in common use. 

The 30 type represents the di¬ 
rect heater or filament type of 
tube. The 56 represents the indi¬ 
rect heater or cathode type of tube. 
These two types of construction 
are shown in Fig. 7. 

First consider the 56 triode. 
Figure 8A shows a cross section of 
this type of tube. The cathode, the 
grid wires and the plate are shown. 
If the cathode is heated by the hot 
filament and the plate has a posi¬ 
tive charge (placed there by a bat- 
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tery or an A. C. power supply), the 
positive plate will attract (through 
the space between cathode and 
plate) negative electrons being 
thrown off by the cathode. The 
grid, while located between the 
plate and cathode, will not obstruct 
(except to a very small degree) 
the flow of electrons as long as its 
votage is zero. A few of the elec¬ 
trons will collide with the grid but 
not very many—not enough to 
have a noticeable effect on the 
pate current. 

A. C. ALTERNATES CHARGE 
ON GRID 

Also, if the grid is not connected 
to a voltage source it will not con¬ 
trol the electrons. However, being 
in the region of the space charge 
the grid can under certain condi¬ 
tions collect a negative charge and 
so block the normal flow of current 
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if it is left free and not connected 
externally. If the grid is connected 
properly it can control practically 
all of the electrons being attracted 
by the positive pate. To illustrate 
this control action in more detail, 
consider an A. C. signal generator 
connected in series with the input 
of the grid and cathode of a triode 
tube as shown in Fig. 8B. This 
generator will make the grid alter¬ 
nately positive and negative with 
respect to the cathode. In other 
words, when the grid is positive, 
the cathode will be negative due to 
the polarity of the A. C. wave form 
and vice versa. 

As the grid becomes negative due 
to the A. C. generator some of the 
electrons from the cathode which 
are trying to get to the positive 
^ plate will be repelled back to the 
cathode because like charges repel. 
Under this condition both the elec¬ 
trons and the grid are now nega¬ 
tive or charged alike. Remember 
the grid is located in the space 
charge between the plate and cath¬ 
ode, and can therefore, easily repel 
the electrons before they reach the 
plate if the charge on the grid is 
of sufficient magnitude. 

When the A. C. signal voltage 
reverses, the grid becomes positive 
and the cathode negative. Since 
the grid is now positive, it will at¬ 
tract the negative electrons and in¬ 
crease their speed on the way to 
the plate. The reason the electrons 
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continue on to the plate from the 
grid is because the plate is at a 
much higher positive charge than 
the grid. All of this is fundamen¬ 
tal, and Fig. 8B merely illustrates 
a principle. In practice, the grid, 
of an amplifier tube is never al- 
loived to become positive, as you 
will learn later on in this lesson. 

You will now realize that when 
a grid is positive, the plate current 
from the plate circuit battery is 
increased and when the grid is neg¬ 
ative, the plate current is de¬ 
creased. In one case more elec¬ 
trons reach the plate and in the 
other case, less electrons reach the 
plate. In other words, the grid is 
controlling the flow of electrons. 

At this point, it is most import¬ 
ant for you to understand just 
what this means. The grid is placed 
in the tube for the sole purpose of 
controlling the plate current 
(meaning the flow of electrons). 
The space between the cathode and 
plate acts as a resistance and 
places a load equal to what we may 
call a value Ro on the plate battery. 
It is this Ro (includes the effect of 
the space charge) which limits the 
flow of plate current (D. C) from 
the plate battery. 

If A. C. or a radio signal is ap¬ 
plied to the grid, the effect it has 
on the D. C. plate current will be 
to make it increase and decrease as 
the grid voltage changes. The re¬ 
sulting ripple or variation in the 



plate current is small as compared 
to the total D. C. which is flowing. 
It is most important for you to 
realize the full significance of this 
statement. It means in effect that 
there are two plate current com¬ 
ponents —one D. C. and the other 
an effective A. C. 

Don’t misunderstand this state¬ 
ment. It does not mean that the 
plate current completely reverses, 
because current can only flow 
through a tube in one direction. 
What it means is that, the D. C. 
plate current varies or changes 
from a minimum to a maximum 
within certain narrow limits. In¬ 
stead of the current being a pure 
A. C., it is a pulsating D. C. which, 
for all practical purposes, may be 
considered as A. C. of sine wave 
form, (for definition of a sine 
whve, see your S. A. R. dictionary). 
The variation in current is the only 
useful part, and it must be strong 
enough to set up useful changing 
lines of force. This will make it 
possible to transfer energy from 
one circuit to another. If there is 
an effective A. C., then it follows 
that there must be something 
which limits the flow of A. C. This 
limiting factor is called the Rp of 
the tube—meaning the A. C. plate 
resistance. If a distinction is not 
carefully made between the D. C. 
resistance of a tube which we call 
Ro, and its effective A. C. resist¬ 
ance Rp, confusion can easily re¬ 
sult. Therefore, we will consider 
the D. C. resistance first even 
though it has less importance than 
the A. C. resistance in the consid¬ 
eration of fundamental tube prin¬ 
ciples. A consideration of the D. 
C. resistance can be effectively em¬ 
ployed however, to show how a 


triode tube can be made to amplify 
or give strength to a weak signal. 
It, of course, does not tell the whole 
story, as there are too many other 
factors involved. These will be 
brought out in greater detail later 
on. 

TUBE ACTS AS VARIABLE 
RESISTANCE 

You will remember in a previous 
lesson it was stated that the space 
between the cathode and plate of 
a diode tube could be regarded as a 
resistance from a D. C. viewpoint. 
In fact, this space is actually a var¬ 
iable resistance as will now be 
brought out. 

Still considering the diode type 
of tube, refer to Fig. k. If an A. C. 
or a varying radio signal is im¬ 
pressed across the input terminals 
A and B, a rectified current will 
flow through the load resistor Rl 
as you have learned from previous 
studies. Assuming a peak A. C. 
input voltage of instantaneous 
value, the result will be a flow of 
current of definite value. With 
these conditions where a constant 
value of voltage and current can 
be assumed, the diode circuit of 
Fig. Jt can be simplified to an 
equivalent D. C. circuit consisting 
of an internal D. C. resistance Ro 
and an external load resistance Ri, 
as in Fig. 9. The signal is symbol¬ 
ized in this figure as a battery E, 
having a steady or fixed value of 
28.2 volts. Any other reasonable 
value for E could be assumed and 
the results would be the same. So 
the particular value of E has no 
special significance except to illus¬ 
trate the principle involved. Note 
Ro in Fig. 9 is symbolized as a var¬ 
iable resistance and we will now 
show why this is necessary. 
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In radio we are continually hav¬ 
ing to do with varying conditions, 
because the radio signal itself is al¬ 
ways varying and practically every 
part in a radio circuit has its 
counterpart in this varying action. 
On this same principle, the load Rl 
m.Fig,9 may be varied to show the 
effect of this variation on Ro, the 
internal D. C. resistance of the 
diode tube in Fig, U, 

Before going into this, it is nec¬ 
essary to explain that if we assume 
the A. C. signal fed to the circuit 
as having a value of 20 volts 
E. M. S., the battery E will have 
to have a value equal to 20x1.41 or 
28.2 volts if the peak value of the 
A, C. signal is not to be overlooked. 
From this explanation, you will 
now see how the value of the bat¬ 
tery E of 28.2 volts in Fig, 9 was 
obtained. 


This means that the voltage drop 
across Ro of the tube is equal to 
28.2 minus 23.75=4.45 volts. The 
value of Ro for this condition is 
found from ohms law in that 


Ro 


4.45 

000095 


46,842 ohms. 


The next step to illustrate the 
action of the diode tube is to show 
what happens when the load re¬ 
sistance Rl is changed from 250,- 
000 to 500,000 ohms with 28.2 volts 
maintained at the input. A prac¬ 
tical value for the plate current 
under these conditions is 50 micro¬ 
amperes. The voltage drop across 
Rl will in this case be equal to 


3.2 

00005 


= 64,000 ohms. 


In the foregoing two examples 
note that in one case Ro equals 
46,842 ohms and in the other case 
64,000 ohms. The only physical 
change made in the circuit is the 
value of the load resistance Rl. 
This does not represent true condi¬ 
tions because, in practice, the sig¬ 
nal voltage is not constant, but 
changes in value from zero to 
maximum peak values and the load 
resistor Rl remains at a fixed 
value. This means that the Ro or 
the D. C. resistance of the tube 
changes as the signal changes. 
Thus in effect it is a variable resis- 
tance. You want to be sure and 
remember this explanation, be¬ 
cause it is often employed in prac¬ 
tical radio circuits. 


A practical value for Rl in Fig. 9 The purpose of the foregoing ex- 
is 250,000 ohms and a practical planation is to prove that the out¬ 
value for the plate current is 95 put voltage of a diode circuit is al- 
microamperes. For these values ways less than the input voltage. In 
the voltage drop across Rl ’will be other words, a diode tube does not 
250,000x.000095=23.75 volts. amplify or strengthen a signal. 
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Keep this fact in mind as you study 
the following explanation on the 
triode tube, for when a grid is 
added to the diode it becomes a 
triode and ivill give more voltage 
at its output than is fed to its input 
thereby providing amplification. 

HOW A TRIODE TUBE 
AMPLIFIES 

The conditions under which a 
triode tube operates are rather def¬ 
inite and it is possible to show reas¬ 
onably precise actions by means of 
a diagram and a graph. Such a 
presentation is shown in Fig, 10. 
It should be studied long and care¬ 
fully because it shows the general 
theory of what takes place when 
the tube amplifies a signal. Note 
the complete figure is divided into 
two sections as denoted by the 
straight vertical line just to the 
left of center of the picture. The 
left section shows a 56 type triode 
tube wired for normal operation. 
The right section is a graph of the 
various wave forms produced by 
the tube. 

Between the grid and cathode 
circuit is connected a peak 2 volt 


A. C. signal generator. Note this 
is also in series with a 13.5 volt C 
battery. Trace out the grid circuit 
from the grid to the cathode and 
satisfy yourself that the 2 volt sig¬ 
nal generator and 13.5 volt battery 
are actually in series between grid 
and cathode. Next note the plate 
of the tube uses a 9500 ohm load 
resistor Rl* Then note that a 297.5 
volt B battery is in series with the 
plate, Rl and the cathode of the 
tube. Note, too, the point where the 
C and B batteries connect. Both 
of these connect to the cathode of 
the tube at a common point. The 
negative of the B battery and the 
positive of the C battery are con¬ 
nected to the cathode. This makes 
the plate of the tube positive with 
respect to the cathode while the re¬ 
verse polarity of the C battery 
makes the grid of the tube nega¬ 
tive with respect to the cathode. 
The filament of the tube is not 
shown but it may be assumed to be 
present and properly heating the 
cathode to allow it to emit elec¬ 
trons. 

Now for the right section of 







Fig, 10, At the top of it you will 
notice a sine wave form labeled Ep 
of greater amplitude than the two 
smaller wave forms below it. The 
abbreviation of Ep refers to plate 
voltage—that is, the effective A. C. 
wave form in the plate circuit of 
the tube. The center wave form 
labeled Ip in Fig, 10 represents the 
plate current of the tube. The 
lower wave form labeled Eg of 
much smaller amplitude than the 
other two wave forms represents 
the effective input voltage to the 
grid. 

This right hand section of Fig, 
10 is a graph which shows all the 
conditions for a triode tube as it 
amplifies a signal. From this you 
can see exactly what takes place 
on every point of the cycle for the 
three properties involved. Namely, 
grid voltage, plate current and 
plate voltage. Note the time line 
just under the Ip curve. This di¬ 
vides the cycles in units of 14 . Thus 
time 1 corresponds to 4 cycle, 
time 2, 1/2 cycle, time 3, % cycle, 
time 4, 1 cycle, etc. More inter¬ 
esting points will be brought out 
for this graph later on. 

For the conditions stated for the 
tube in Fig. 10 there will be a 47.5 
voltage drop across Rl which is in 
series with the plate of the tube. 
Since 47.5 volts is lost across Rl 
this leaves 250 volts between plate 
and cathode of the tube. The plate 
current in the tube circuit is .005 
ampere. Manufacturers' literature 
states that with 250 volts applied 
to the plate of a 56 type tube its 
grid voltage should be 13.5 volts 
negative. So in Fig. 10 a 13.5 volt 
C battery is shown connected be- 
twen cathode and grid to fulfill 
operating conditions for the tube. 
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These are all values with no input 
signal applied to the grid of the 
tube. WTien a varying signal is ap¬ 
plied to the grid all of these values 
except Rl change within narrow 
limits as will be brought out at the 
proper time. 

It is interesting to note that this 
13.5 volt C bias, as it is often called 
may be obtained by connecting a 
suitable resistor between cathode 
and ground—the return lead of the 
grid also being grounded. The cir¬ 
cuit for this arrangement is shown 
in Fig. 11 which is an exact dupli¬ 
cate of the triode circuit of Fig. 10 
with the exception that it is entire¬ 
ly A. C. operated. As with the usual 
A. C. power unit the negative ter¬ 
minal of this one is grounded. 
Note, too, resistor R as well as the 
grid return circuit is grounded to 
the chassis of the receiver, making 
all three of these points connect to 
a common circuit. 

The value of Rl in Fig. 11 as 
usual is found from ohms law in 

E 

that R = —j—. The wanted volt¬ 
age on the grid of the tube is 13.5 
volts. The plate current of the tube 
is .005 ampere and since it must 
flow through Rl the value of the 

13 5 

latter may be found from^r ; ^ - - = 

.005 
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2700 ohms. Thus with .005 ampere 
flowing through a resistance of 
2700 ohms a voltage drop of 13.5 
volts is made to occur across the 
resistor Rl. 

The voltage applied to the grid 
of any tube is that amount of volt¬ 
age which exists between the cath¬ 
ode and grid of the tube. Current 
flowing through R1 enters at its 
grounded end and leaves it at the 
cathode of the tube. Thus the 
grounded end of R1 is the most 
negative part of the tube circuit. 
This, of course, makes the cathode 
end of R1 more positive than its 
grounded end — the exact differ¬ 
ence in voltage being 13.5 volts. At 
the same time, the plate of the tube 
is more positive than the cathode 
because it is at a much higher po¬ 
tential of 250 volts. Since the grid 
return is grounded or connected to 
the grounded end of R1 and since 
grid voltage is that which exists 
between grid and cathode, it fol¬ 
lows that the grid is made 13.5 
volts negative because that is the 
amount of voltage existing between 
cathode and grid. 

GRID ALWAYS NEGATIVE 

This idea of a negative voltage 
on the grid of a tube is better un¬ 
derstood by referring to a circuit 
like Fig. 12. Here all current car¬ 
rying units in the tube circuit are 


shown as resistors. R1 is the sam( 
as R1 in Fig. 11, which provides 
the grid bias voltage. Ro is the in 
temal tube resistance to the flov 
of D. C. found by dividing 25( 
volts by .005 ampere. Rl is, o: 
course, the load resistor. Note Rl 
Ro and Rl make up a series volt 
ae divider across the A. C. powei 
unit whose output voltage is 31. 
volts D. C. Note, too, there is « 
voltage drop of 13.5 volts acros: 
Rl, 250 volts across R and 47.i 
volts across Rl. These total exact 
ly 311 volts — the output of th 
power unit. Thus we have account 
ed for the full voltage of the powe 
unit. For these conditions, th 
power unit of Fig. 10 must equa 
311 volts because there is only on 
source of voltage for Fig. 12 wher 
as in Fig. 10 there are two voltag 
sources; namely, a C battery o 
13.5 volts and a B battery of 297. 
volts. Note, however, the two bal 
teries total 311 volts so the tw 
sources of voltage are exactly th 
same value for both circuits. 

Study Fig. 12 and note how th 
negative voltage is applied to th 
grid. The grid does not draw cui 
rent or power so the full voltag 
across Rl is applied to the gric 
The grid of the tube is connecte 
to the negative end of Rl while th 
cathode is connected to the pos 
tive end. Electrostatic lines c 
force exist between the grid an 
cathode inside the tube just as fc 
any condenser. However, the sm 
faces of the grid and cathode ai 
so small that very little condense 
action can take place. For the usu: 
56 type tube, the capacity betwee 
grid and cathode is 3.2 mmfd. c 
.0000032 mfd. Hence little or r 
energy transfer takes place h 



tween these two elements of the 
tube. Yet enough electrostatic lines 
of force do exist between them to 
permit the grid to be charged to 
13.5 volts negative and the cathode 
to 13.5 volts positive. You will re¬ 
member this checks with your 
study of condensers wherein two 
condenser plates may be charged 
to a value equal to the voltage 
source. From the foregoing explan¬ 
ation, you should now fully under¬ 
stand how a grid may be main¬ 
tained at a negative potential eith¬ 
er by a battery or from the voltage 
drop across a cathode bias resistor. 

Now that the basic conditions 
for operating triode tubes have 
been explained you are ready to 
study the various wave forms as¬ 
sociated with it. 

WAVE FORMS ASSOCIATED 
WITH A TRIODE TUBE 

You have seen how the grid is 
■Muntained at a steady voltage of 
13-5 volts negative. This does not 
accomplish anything other than 
■laintaining operating condition 
for the tube. What happens when 
a radio signal is applied to the 
Crid? To show what happens, we 
have assumed the use of an A. C. 
signal generator in series with the 
grid of the tube—see Figs. 10, 11 
and 12. 

Let this represent a relatively 
weak signal delivered to the grid 
of the tube by a suitable input cir¬ 
cuit. This signal has a peak value 
of 2 volts. Since it is in series with 
the grid circuit, it is going to add 
and subtract to the C voltage of 
13-5 volts subject, of course, to 
prfarity. 

Now what happens when volt¬ 
ages are connected in series? Quite 
naturally they add or subtract ac¬ 


cording to polarity. Thus when the 
A. C. generator is at a negative 
peak of 2 volts, the total negative 
voltage in the grid circuit is going 
to be -13.5 + (-2)= -15.5 volts. 
When the generator is at a positive 
peak, the total negative voltage in 
the grid circuit will be —13.5 + 
(-f2) = —11.5 volts. In this latter 
case, you will note that the two 
voltages are of opposite polarity; 
therefore, the total voltage is equal 
to the difference between the two. 

Thus by using a 13.5 volt bat¬ 
tery and a 2 volt A. C. generator 
the grid voltage is made to vary 
from a minimum of 11.5 volts neg¬ 
ative to a maximum of 15.5 volts 
negative. Note particularly from 
this that the grid fiever becomes 
positive. This is true even though 
the A. C. generator does give a 
positive peak. The total voltage 
still remains negative—all the pos¬ 
itive peak does is to reduce the volt¬ 
age to a less negative value. 

You may wonder why it is de¬ 
sirable to maintain the grid nega¬ 
tive at all times. There is a per¬ 
fectly good reason for this. If the 
grid were permitted to become pos¬ 
itive it tvould attract some of the 
negative electrons and so prevent 
them from reaching the plate. Thus 
there would be a flow of current 
in the grid circuit and less current 
flow in the plate circuit. This is 
undesirable because it would feed 
the signal energy back into the grid 
circuit whereas it is directed to¬ 
ward the plate circuit. Thus no 
useful purpose would be served. 

For stable or useful operation of 
the tube, the grid must not draw 
power from the electron stream 
within the tube and there should 
be no current flow in the grid cir- 



cuit—a voltage change is all that 
is wanted in this circuit. 

This varying grid voltage effect 
is shown by the lower wave form 
in the graph portion of Fig. 10. It 
is marked Eg. Note it starts out 
from 13.5 volts in a negative di¬ 
rection and at time 1 (% cycle), is 
at a maximum negative peak of 
15.5 volts. At time 2 ()/2 cycle), it 
has reduced to its regular grid 
voltage value of 13.5 volts. At time 
3 (% cycle), it has advanced in the 
positive direction to its minimum 
negative value of 11.5 volts and at 
time 4, it has again reduced to 13.5 
volts. For all succeeding cycles the 
same action takes place—the grid 
swinging to a maximum of 2 volts 
in both directions around a central 
reference of 13.5 volts. 

It is the task of the grid to pro¬ 
vide driving force for the tube. 
This force itself is not large in com¬ 
parison to the potential force the 
grid can generate in the plate cir¬ 


cuit. Yet the grid is so strategic¬ 
ally located in the electron stream 
and space charge that it has ab¬ 
solute control of what happens in 
the plate circuit. 

So keep this control action of the 
grid in mind while studying the 
plate action. You will want to know 
what hapi>ens to the plate voltage 
when the grid voltage varies con¬ 
tinuously from —13.5 volts down 
to —15.5 volts and back to a min¬ 
imum of -11.5 volts as shown by 
the grid voltage wave form in Fig. 
13. This figure shows a magnified 
copy of the grid voltage wave form 
in Fig. 10. These values are the re¬ 
sult of the A. C. voltage of 2 volts 
peak continually adding to and 
subtracting from the 13.5 volts 
D. C. already provided by the bat¬ 
tery. 

Starting from 0 at the grid volt¬ 
age Eg wave form in Fig. 10, the 
grid voltage swings more negative 
to the first time unit or to point 1. 
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During this time the electron 
stream from the cathode is being 
reduced as the negative grid volt¬ 
age increases, the repelling action 
tending to force the electrons back 
toward the cathode. As a result, 
few of these actually reach the 
plate. This corresponds to increas¬ 
ing the resistance Ro of the space 
between the cathode and plate, 
making the voltage drop across Rl 
rise as indicated by the curve 
marked Ep in Fig. 10. Because 
the electron stream is reduced in 
intensity by increase of Ro, the cur¬ 
rent which is a measure of the 
number of electrons flowing is re¬ 
duced. Note this corresponding re¬ 
duction of plate current at curve 
Ip of Fig. 10 when Ep increases. 

After passing the point of time 
1 the grid voltage swings more 
pontive, reducing from -15.5 
volts to —13.5 volts at the time unit 
Mo. 2. The electron stream (cur- 
RBt) again increases (with Ep de- 
cnusing) because the repulsion to 
dsetrons passing through the grid 
tarn been reduced. There is less re- 
^Inon when the grid is less nega- 
iiie. The Ep reduction is attended 
bp u Ip increase as indicated by 
I brir respective curves in Fig. 10. 

It is in this way that a voltage 
muve or variation is produced at 
the plate which is a magnified copy 
the grid voltage wave form. 
Note in Fig. 10 the two are 180° 
cut of phase—that is, as one (grid 
mdtage) decreases, the other 
(plate voltage) increases. Note, 
io«^ that the grid voltage and plate 
emrrent are in phase—that is, they 
Buifonnly increase and decrease 
toeether. 

The relative increase of the plate 
voltage over the grid voltage is 


clearly shown by the amplitude of 
the Eg and Ep wave forms in Fig. 
10. Ep, as you will note, is much 
larger than Eg. This means that 
within the tube the space existing 
between cathode and plate has 
strangely affected the signal volt¬ 
age. It is within this space that 
amplification really occurs. It is 
brought about by a grotvth of volt¬ 
age representing the increased 
velocities attained by the electrons 
over what their ordinary veloci¬ 
ties would be if they were moving 
along a normal wire conductor. Of 
course, this is just part of the 
story, for the D. C. internal resist¬ 
ance Ro of the tube also plays its 
part wherein its resistance changes 
permitting a varying voltage 
change in the plate circuit. At the 
same time the electron action with¬ 
in the tube brings about the vary¬ 
ing internal resistance of the tube 
so, in effect, the electron action 
within the tube and its varying in¬ 
ternal resistance are really the 
same fundamental effect. The im¬ 
portant point with respect to the 
p. C. resistance of the tube is that 
it allows us to have a simple meas¬ 
ure of the electronic action within 
the tube. 

The D. C. electrical equivalent 
of Fig. 10 is shown in Fig. 14. In 
this fiure, Rl represents the exter¬ 
nal load resistor in Fig. 10 while 
Ro represents the internal D. C. 
resistance of the tube. The point P 
in Fig. 14 represents the plate of 
the tube in Fig. 10. A is for the 
grid and K is for the cathode. As 
contact A is moved along the re¬ 
sistance element from K to P, the 
total resistance between K and P 
varies accordingly. This corres¬ 
ponds to varying Ro of the tube. 




The signal applied to the grid of 
the tube swings it from a minimum 
of 11.5 to 15.5 volts. The effect of 
this is to vary the electron stream 
within the tube thereby changing 
the internal D. C. resistance Ro of 
the tube. This corresponds exactly 
to varying Ro or contact A in Fig. 
14 from minimum to maximum. 
From your study of the lesson on 
resistance you know that in a se¬ 
ries circuit contining two or more 
resistors the voltage drop across 
each resistor is proportional to the 
total resistance value in ohms. 
Thus, as the internal resistance of 
the tube changes, the voltage drop 
across the load Rl ^ the plate cir¬ 
cuit changes in proportion, even 
though it, itself remains at a fixed 
value. 


GRID CHANGES INTERNAL 
RESISTANCE 

If Ro in Fig. 10 is made to have 
a value of 50,000 ohms due to the 
action of the grid, (no input signal 
or point of zero voltage in the sig¬ 
nal cycle), there will be a voltage 
drop of 250 volts across it (note 
the applied voltage is 297.5 volts). 
For this condition, across Rl there 
will be a voltage drop of 47.5 volts | 
(297-250). If Ro is now made to ; 
have a value of 40,000 ohms due to 
a change in grid voltage, the volt¬ 
age drop across Ro will now be 

240.5 volts and across Rl it will be 

297.5 - 240.5 = 57 volts. If the , 
changing grid voltage next makes 
Ro equal to 60,000 ohms, the volt- i 
age drop across the tube will be 
256.84 volts and across Rl it will j 
be 297 - 256.84 = 40.66 volts. 

The foregoing three examples 
show how the grid of the tube by 
swinging through a cycle of volt¬ 
age from 11.5 to 15.5 about a cen¬ 
tral value of 13.5, can make the Ro 
or internal D. C. resistance of the 
tube have three values of 40,000, 
50,000 and 60,000 ohms, with 50,- 
000 ohms corresponding to the cen¬ 
tral or reference value of 13.5 volts 
negative on the grid. Of course, 
these are examples only, and rep¬ 
resent instantaneous values where¬ 
in certain grid voltages have been 
selected within the range of volt¬ 
age applied to the grid of the tube. 
It should be clearly understood 
that the grid voltage is continuous¬ 
ly changing and the three Ro val¬ 
ues just cited are simply represent¬ 
ative values. Actually, if the plate 
current of the tube varies from a 
minimum of .00428 to a maximum 
of .006 ampere as will be the case 
for 240.5 to 256.84 volts on the 
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STRUCTURE OF SINGLE-ENDED METAL TUBE 


Thn sh&ws a cutaway view of the metal envelope type tube. A study of these mechanical 

4i^mSb will help you to form a better idea of the structure of the metal type tube. Courtesy of 
R. C. A. 
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plate, the internal resistance Ro of 
the tube is going to swing from a 
minimum of 40,000 to a maximum 
of 60,000 ohms. Thus Ro is not go¬ 
ing to be a fixed value (although 
we can select instantaneous values 
for study purposes in order to 
make an analysis), but rather a 
continuous variable value. 

Now, refer to Fig. 14 (which is 
the D. C. equivalent of the triode 
circuit in Fig. 10) and note that 
Rl and Ro are in series. Rl, the 
load resistance, remains at a fixed 
value. But, resistor Ro, on the 
other hand, varies. As previously 
mentioned in a circuit of this type 
where the resistors are in series 
across a voltage source, a change in 
resistance value of one unit will 
cause a proportional change of volt¬ 
age across the other unit. Thus, 
when Rl in Fig. 14 becomes 40,000 
ohms, the plate current is .006 am¬ 
pere, resulting in a voltage drop of 
57 volts across Rl. When Ro swings 
to 60,000 ohms, the plate current is 
.0042 and the voltage drop across 
Rl is 40.66 volts. These are maxi¬ 
mum and minimum values, and you 
should remember that the chang¬ 
ing voltage across Rl is varying 
from 40.66 to 57 volts. This condi¬ 
tion has been brought about by the 
grid of the triode tube changing 
the internal D. C. resistance of the 
tube. To accomplish this, the grid 
has only changed from 13.5 to 15.5 
or from 13.5 to 11.5 — a difference 
of 2 volts. The voltage drop across 
Rl, on the other hand, has changed 
from 40.66 to 57 — a range of 
16.34 volts. For a normal no signal 
condition, or the point where the 
signal voltage passes through the 
point of zero voltage, the net nega¬ 
tive voltage is 13.5 volts with a 


corresponding Ep of 250 volts. For 
a 15.5 negative voltage value on 
the grid, the corresponding Ep is 
256.84 volts — an increase of 6.84 
volts on the plate over the condi¬ 
tion of no signal on the grid. For 
11.5 volts negative on the grid, the 
corresponding Ep is 240.5 volts — 
a decrease of 9.5 volts from the 
condition of no signal on the grid. 
Thus, for the most negative peak 
of the cycle, the signal voltage at 
the plate is 6.84 volts while for the 
less negative or more positive peak 
of the signal cycle, the signal volt¬ 
age at the plate is 9.5 volts. This 
means the negative and positive 
peaks of the cycle are itnequal, 
whereas for ideal conditions, both 
peaks of the cycle should be the 
same — that is, 250 volts plus the 
same value and 250 volts minus the 
same value. 

Note the reference values in 
Fig. 10 have been 250 volts at the 
plate, 50,000 ohms for Ro, repre¬ 
senting conditions for no signal. 
From ohms law, you would think 
that with Ro made 60,000 ohms and 
40,000 ohms — a difference of 
10,000 ohms in each direction from 
50,000 ohms — that the voltage 
change would be proportional, yet 
you see here that such is not the 
case because for 60,000 ohms, the 
voltage change at the plate is 6.84 
volts, whereas for 40,000 ohms, it 
is 9.5 volts. Thus, it is proven that 
ohms law does not hold true for a 
vacuum tube, for if it did, the 
voltage change from 250 volts on 
the plate would be the same at 
60,000 ohms for Ro as it is at 40,- 
000 ohms. Other factors, such as 
non-uniformity of electron emis¬ 
sion and variable grid action, en¬ 
ter into the operation of a triode 


Ro 

Rl 

Ep 

El 

Eg 

Ip 

40,000 

9500 

240.5 

57 

11.5 

.006 

. 50,000 

9500 

250 

47.5 

13.5 

.005 


9500 

256.84 

40.66 

15.5 

.0042 


tube, thereby aifecting the Ro val¬ 
ue and thus, it can be said to have 
a non-uniform characteristic. 

All of the values pertinent for 
the triode tube of Fig. 10 are given 
in the above table. Study these 
carefully until you have a good un¬ 
derstanding of the principles in¬ 
volved. 


EQUAL PEAKS IN PLATE 
WAVE FORM 


From the foregoing, it should 
be clear that in order to have equal 
peaks appear in the plate circuit 
for each half cycle of the signal, the 
■o has got to change more in mag- 
■itade in one direction from 50,000 
Iban in the other. Suppose we as- 
aome that equal peaks of signal 
valtage of 15 volts each are want¬ 
ed in the plate circuit of a triode 
cncuit similar to Fig. 10. For this 
caadition, the positive peak of the 
apde should equal 250 4- 15 = 265 
aatts, and the negative peak should 
eiaal 250 — 15 = 235 volts. Thus, 
ftr these maximum and minimum 
aahes, the voltage drop across Ro, 
ni <me case, will be 265 and in the 
aflier, 235 volts. The value of the 
supply voltage is 297.5 volts. Thus, 
the voltage drop across Rl for an 
^iplied plate voltage of 265 volts 
is 297.5 — 265 = 32.5 volts, and for 
a plate voltage of 235 volts the drop 
across Rl is 297.5 — 235 = 62.5 
volts. For the maximum value of 
plate voltage, the current is equal 


to 


El 

9500 


32.5 

9500 


= .0034 am¬ 


pere. Then, to find the value of Ro 
for these conditions, it is equal to 
265 

= 77,941 ohms. The 


Ro = 

.0034 

minimum plate voltage 
volts with 62.5 volts 
across Rl, the current 
62 5 

9550 = 


value is 235 
appearing 
is equal to 

The same 


current that flows through Rl must 
also flow through Ro. Therefore, 
the value of Ro is 


235 

.0066 


= 35,606 ohms. 


We now have the Ro values for 
maximum and minimum peaks of 
15 volts plus and minus the normal 
plate voltage. The normal Ro for , 
no signal is 50,000 ohms. For a 
plus peak of 15 volts in the plate 
circuit, Ro equals 77,941 ohms, 
giving a difference of 77,941 — 
50,000 = 27,941 ohms. For the neg¬ 
ative peak of 15 volts in the plate 
circuit, Ro is 35,606 ohms, giving 
a difference of 50,000 — 35,606 = 
14,394 ohms. Thus for a positive 
peak signal in the plate circuit, Ro 
is 13,547 ohms (27,941 - 14,394) 
more away from the normal of 
50,000 ohms than it is at the nega¬ 
tive peak. This represents a per¬ 
centage differene’e of 48.48%. 

The foregoing has demonstrat¬ 
ed conclusively that the vacuum 
tube is not a linear device and is 
not subject to ohms law. 

Since in one case the maximum 
peak voltage of the plate signal is 
62.5 and the minimum peak is 32.5 
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volts, it should be clear that for the 
maximum peak in the positive di¬ 
rection of the cycle, the voltage 
lost across Rl will be 62.5 — 15 = 
47.5, and for the negative peak of 
the cycle the voltage lost across 
Rl will be 32.5 - 15 = 17.5 volts. 
This is only natural because with 
less voltage on the plate, less cur¬ 
rent will flow, and consequently, 
the voltage drop across Rl has got 
to be less because E = I x R. 

With instaneaneous values se¬ 
lected it has been possible from a 
D. CI viewpoint to show you how a 
varying signal voltage might be 
developed at the plate of a triode 
tube. Since the load Rl is in series 
with the plate of the tube, whatever 
voltage variations appear at the 
plate must also appear across Rl. 
Thus, a continuous varying ampli¬ 
fied voltage occurs across Rl as 
long as a signal is fed to the grid. 

Now that we have the strength¬ 
ened signal across Rl, what is to 
be done with it? The answer de¬ 
pends on how the signal is to be 
used and its frequency. If it is an 
R. F. (high frequency) signal as 
assumed in our discussion, the 
proper procedure is to feed it to 
another amplifier stage or to a de¬ 
tector, depending on how much 
amplification is wanted. In either 
case, the load Rl will be in the form 
of a coil as shown in Fig. 15. 




In this circuit, the changing sig¬ 
nal voltage in LI induces a corres¬ 
ponding voltage in L2 and the cir¬ 
cuit of the latter feeds tube V2 
which is a duplicate of VI. Two or 
more stages of amplification are 
aften required to build a weak sig¬ 
nal up to the desired level. In this 
way, the received signal is grad¬ 
ually built up in strength and even¬ 
tually reaches the speaker causing 
it to reproduce sound the details 
of which you will get in later les¬ 
sons. The details of the input cir¬ 
cuit of tube VI and the output cir¬ 
cuit of tube V2 in Fig. 15 are not 
shown because the circuit is in¬ 
tended only to show how the sig¬ 
nal may be coupled from one tube 
to another — coils LI and L2 be¬ 
ing the coupling agent in this case. 

If the signal had already been 
fed to a detector it could be cou¬ 
pled to another stage as in Fig. 16. 
Note in this case Rl — the plate 
load — is a resistor, and so is the 
grid Gl in the following stage. In 
this case, the amplified signal is 
transferred to tube V2 through 
condenser Cl electrostatically. 
Condenser C in Figs. 15 and 16 are 
for filtering and by-passing pur¬ 
poses as explained for condensers 
C and C2 in Figs. 3 and 11. Both 
Figs. 15 and 16 involve several 
things you have not studied as yet 
so the details of their operation 
will be left to later lessons. 
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GAIN OF A TUBE 


The gain of the tube alone is 
something entirely different from 
the net or real gain of an amplifier 
stage which includes not only the 
tube but also its associated circuit. 


The amount of increase of the plate 
vintage over the input grid volt¬ 
age is naturally the amount of gain 
of an amplifier stage. This is usual¬ 
ly expressed as a voltage ratio or 


Ep. 

w. 


For example, if 5.5 volts is 


am>lied to the grid, the correspond- 
iog plate voltage may, for instance, 
he 265 volts. This is an increase of 
15 volts over what the plate volt¬ 
age is when no signal is applied. 
If Ihe input is 2 volts and the out- 
pil is 15 volts, the gain in voltage 
iaoaturally 15/2 or 7.5 times. This 
ii itself is not a large gain but it 
decs illustrate the amplifying ac- 
tioa of a triode tube. 

The high D. C. voltage on the 
plife of a tube is used only to op- 
onte the tube. There is no further 
Mk for it after the amplified signal 
kas been provided. Thus, in the 
Cmcgoing example, 15 volts repre¬ 
ants the A. C. signal, 250 is lost 
anoss the tube as a result of oper¬ 
ating it and 32.5 volts is lost across 
load Ri,. The total supply volt¬ 
age is, therefore, accounted for be¬ 
cause 15 4- 250 -t 32.5 = 297.5 
aolts. From this, you will see that 
•rt of a total 297.5 volts only 15 
anils is useful in transferring the 
aignal to another stage. For the ex¬ 
ample used, the tube therefore, has 
an efficiency rating of 5.04% with 
**^»ect to applied D. C. voltage 
fiom the power unit. 

Now for one other matter. You 
BMy wonder why the grid being at 
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a negative voltage does not stop all 
electrons from reaching the plate. 

Although the grid is being main¬ 
tained at a negative charge, this 
negative charge is not high enough 
to prevent all of the electrons from 
reaching the plate. The manufac¬ 
turer of the tube takes care of this 
by recommending normal operat¬ 
ing voltage for the grid. The plate 
is being maintained at a very high 
positive charge and overcomes to 
some extent the effect of the space 
charge and the negatively charged 
grid. Therefore, even with no input 
signal, there is a certain amount of 
D. C. plate current flowing. The 
grid could be maintained at such 
a high negative charge that no D.C. 
plate current at all would flow. 
This is sometimes done with cer¬ 
tain tubes as you will learn later. 
In an amplifier of the type we have 
been considering here, a certain 
amount of D. C. plate current must 
flow so as to permit the signal to 
be amplified but at all times it must 
be under control of the grid. 

With a constant charge on the 
grid there will be a certain value 
of voltage on the plate, the D. C. 
plate current will be at a fixed val¬ 
ue and the Ro of the tube will also 
be at a fixed value. If the grid 
charge is changed to some other 
value, the plate voltage, plate cur¬ 
rent and the Ro of the tube will 
change accordingly. Here again 
the important principle for you to 
understand at this time is that the 
change of voltage due to a varying 
A. C. signal on the grid is the agent 
or tube element which causes Ro 
to change. 

The manufacturer of the tube 
arranges the elements within the- 
tube so thht a very small signal 


voltage in the grid circuit will have 
a tremendous effect on the number 
of electrons which reach the plate. 
In other words, a small change in 
voltage at the grid circuit will cre¬ 
ate a much larger change in volt¬ 
age at the plate. The reason it does 
this, of course, is because the Ro 
of the tube changes along with the 
change in the grid voltage. If the 
Ro changes, then it follows that the 
plate voltage across Rl must 
change accordingly because the 
two resistances are in a series cir¬ 
cuit. 

This concludes the study of the 
triode tube from a D. C. viewpoint. 
Its A. C. characteristics are much 
more important, because it is the 
varying A. C. signal in which we 
are most interested. Therefore, 
factors which affect the A. C. sig¬ 
nal must be given close and care¬ 
ful consideration. 

A. C. CHARACTERTICS OF 
VACUUM TUBES 

The three important A. C. char¬ 
acteristics of radio tubes are: (1) 
amplification factor represented by 


the Creep letter /x (Mu), (2) A. C. 
plate resistance represented by Rp 
and (3) mutual conductance repre¬ 
sented by Cm. These three factors 
are amply demonstrated and de¬ 
fined by the family of curves shown 
in Fig. 17. This information is put 
out by the Sylvania Electric Prod¬ 
ucts Company, maker of the Syl¬ 
vania line of radio tubes. The 
curves shown are for a 7A4 tube 
which is of the triode type. The 
term family of curves is applied to 
a graph which includes several 
curves all relating to the same gen¬ 
eral theme. 

The left vertical scale of Fig. 17 
is graduated in units of plate cur¬ 
rent from zero to 16 milliamperes 
which is the operating range for 
the tube. The scale at the bottom 
of the graph is graduated in units 
of plate voltage from zero to 350 
volts. The seven curves of the 
graph represent typical negative | 
grid voltage values for the tube. 
From these curves the exact oper¬ 
ating conditions for the tube can 
be determined. To show how the 
graph is used consider the -8 
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curve. Locate the vertical 250 volt 
line as read along the plate voltage 
scale. Follow this line up to the 
point where it intersects the —8 
«irve (point P). Then read over 
from this point on the curve along 
an imaginary line to the vertical 
current scale and note that the 
plate current is approximately 9 
milBamperes. If the grid is main¬ 
tained at -8 volts, and the plate 
vrftage is reduced to some value 
less than 250 volts, the plate cur¬ 
rent is going to reduce according¬ 
ly. It is desirable to know in ad- 
what the corresponding 
current would be when the 
voltage is varied below 250 
Suppose the plate voltage is 
to 225 volts. To find the 
Mtresponding plate current with 
—8 volts on the grid, trace up the 
2B volt line in Fig. 7 until it in- 
inncts the —8 volt curve and then 
directly over to the left and 
the plate current is 6 milli- 


like manner, suppose 275 
is applied to the plate. Trace 
ip along the 275 volt line to where 
Hiatersects the —8 curve and, note 
Aa plate current is approximately 
11 milliamperes. In a similar man- 
■b; the respective plate voltages, 
plAe currents and grid voltages 
caa be determined from the curves 
fcr such points as those labeled A, 
H C and D on the graph. The Syl- 
vuia Electric Products Company 
fires the following additional infor- 
aaition about Fig. 17. 

“Points A, B, C, D and P of Fig. 
17 will be utilized to show how cer¬ 
tain tube charactertistics are ob¬ 
tained. These are /x (mu) Gm, and 
Kr which predict how a given tube 
type will perform specific func¬ 


tions. These factors are related to 
each other by the equation /a = Gm 
X Rp. Where Gm is expressed in 
mhos and Rp in ohms. Thus, if any 
two of these are known or meas¬ 
ured, the third can always be com¬ 
puted. In the following considera¬ 
tions, rather large changes in volt¬ 
ages and currents are used for con¬ 
venience of explanation. Greater 
accuracy results when very small 
changes are employed. 

AMPLIFICATION FACTOR 

Amplification Factor (ju, or Mu) 
is the ratio of a small change in 
plate voltage to the corresponding 
change in grid voltage necessary 
to maintain constant plate current. 
Consider line APB in Fig. 17 
which is a constant current line for 
grid voltages from —6 volts to —10 
volts for corresponding plate volt¬ 
ages from 210 volts to 290 volts. 
The change in plate voltage 290 to 
210 or 80 volts divided by the cor¬ 
responding change in grid voltage 
— 6 volts to —10 volts or 4 volts 
gives a value of 20. Thus: 


Mu = 


80 


:=20 


MUTUAL CONDUCTANCE 

Mutual Conductance (Gm) is 
the change of plate current divid¬ 
ed by the required change in grid 
voltage for a constant plate volt¬ 
age. Consider line CPD in Fig. 17 
which is a constant plate voltage 
line over which the plate current 
changes 10 milliamperes (from 14 
milliamperes to 4 milliamperes) as 
the grid voltage is changed 4 volts, 
from -6 volts (C) to -10 volts 
(D). Then: 


Gm=- 


10 milliamperes 
4 volts 
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NOTE: Please refer to Figs. 18, 19 and 20 from the side. 


=2.5 milliamperes per volt 
=2500 micromhos. 

Note: 

1 milliampere per volt 
= 1000 micromhos 
1 microampere per volt 
= 1 micromho 
1 ampere per volt 
= 1 mho 

A. C. PLATE RESISTANCE 

A. C. plate resistance (Rp) may 
be defined as the ratio of a small 
change in plate voltage to the cor¬ 
responding change in plate cur¬ 
rent produced. It depends upon the 
grid voltage and plate voltage at 
the operating point under consid¬ 
eration. Consider the line EPF 
drawn through point P and just 
touching the curve at that one 
point in Fig. 17. The change of 
plate voltage from E to F is 290 
volts minus 200 volts equals 90 
volts. The change of plate current 
from E to F is 14 milliamperes 


minus 2.5 milliamperes equals 11.5 
milliamperes or 0.0115 ampere. 


Then by Ohms Law: 

n — 90 volts 

^ .0115 ampere 


=7800 ohms 


The mutual characteristic of 
Fig. 18 shows plate current versus 
control grid volts, and each curve 
is for some specified constant plate 
voltage. An analysis, quite similar^ 
to that given for Fig. 17, provided 
the following information. Refer-I 
ring to the definitions of /a, Gm and* 
Rp previously given and consider-j 
ing point P on Fig. 18 we compute :| 


_ ( 250 - 200) volts ^ 

PB volts 0.5 
=100 — theoretical gain. 


CA 0.2 ma. 

DA ~ 0.133 volt 

= 1.5 ma. per volt 
= 1500 micromhos 


Rp= 


( 250-237) volts 
0.2 ma. 
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0.0002 ampere 
13 volts 


=65000 ohms. 


The curves shown in Fig. 19 are 
fcwwn as Dynamic Curves. The 
alifiie characteristic curves such as 
Amc shown in Figs. 17 and 18 are 
fMained when there is no resist- 
Mee or impedance in series with 
-•bD. C. plate supply. If a resist- 
"amet load is inserted in the plate 
tfandt the dynamic characteristic 
■B longer resembles the static 
•fcmacteristic curve but is affect- 
•i liy the load, resulting in a more 
straight curve for the dy- 
characteristic. The 
alnighter the characteristic, the 
^■aller will be the amount of dis¬ 
tortion present. 

The set of curves in Fig. 20 in¬ 
dicates how fi, Gm and Rp vary as 
M fiinction of the negative control 
Crtd voltage. The amplification 
CKtor remains fairly constant over 
a considerable range whereas the 
n iUi al conductance decreases rap- 
M|y as the grid is made more and 


more negative. Since = Gm x 
Rp, and does not change mate¬ 
rially (due to construction of the 
grid) the Rp must increase as the 
grid bias is increased.” 

The mathematical relation be¬ 
tween IX, Rp and Gm may be stat¬ 
ed as follows: 

the change in plate voltage 
the change in grid voltage 
jj _ the change in plate voltage 
the change in plate current 
the change in grid voltage 
the change in plate current 

The relation between all three 
units is similar to ohms law. 

Thus: 


In the study of vacuum tubes it 
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is necessary to be continually deal- 500 ohms as having a conductance 


ing with jit, Rp and Gm. There¬ 
fore, you should become thorough- 


of 2000 micromhos Like¬ 


ly familiar with just what each jf ^ circuit has a resistance 


means. 

The term mutual conductance 
suggests a relation between the 
two units because of the word mu¬ 
tual. Mutual may be defined as a 
word which indicates that some¬ 
thing is common or related be¬ 
tween two or more units. For in¬ 
stance, it may be said that both 
copper and nickel wire have a cer¬ 
tain amount of resistance. Resis- 


of 4000 ohms, it will have a 
conductance of 250 micromhos 

(.). Either statement is correct 

^4000 

as long as the answer includes the 
proper units—ohms or mhos. 

To change from resistance (R) 
in ohms to conductance (G) in mi¬ 
cromhos, use the following formu¬ 
la : 


tance, then, is a mutual property 
of both types of wire—or it might 
be said that resistance is a mutual 
property of all types of conductors. 

Conductance, you will remem¬ 
ber, is the opposite or reciprocal 
of resistance. Thus for every resis¬ 
tance value, there is also a conduc¬ 
tance value. Instead of thinking 
of a circuit as offering so much op¬ 
position (resistance) to the flow of 
current, it is just as easy and as 
convenient to think of a circuit of 


G = 4 - X 1,000,000 

study carefully the relation be¬ 
tween these two units and you will 
see that both indicate the rate at 
which current will flow through 
the circuit. If a circuit has a high 
resistance, a relatively small cur¬ 
rent will flow. If the same circuit 
has high conductance, a relatively 
large current will flow if we as¬ 
sume in both cases that the voltage 
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has remained the same. 

Since conductance is the recipro¬ 
cal of resistance ( -^ ) you might 

ordinarily think that the mutual 
conductance of a vacuum tube is 

equal to ^ or the opposite of A.C. 

iriate resistance. This would be 
true if it were not for the amplifi¬ 
cation factor of the tube. That is, 

1 

will give us the A. C. plate 

mmductance, but it does not take 
consideration that the signal 
amplified. You must, therefore, 
the grid into consideration, 

I that is where the word mutual 
les in. A term which includes 
effect of the grid (with refer- 
e to the A. C. signal) gives the 
conductance or mutual con- 
ice of the tube. Another way 

this may be stated is that J— 

Rp 

- -r- us the A. C. conductance of 
Mu 

-f tte tube, while ^ ^ i v e s the 

“ -: .:al conductance of the tube, 
^ice it is common practice to 
to resistance instead of con- 
ice, you may wonder why the 
mutual resistance is not used 
''rad of mutual conductance. The 
it is common practice to use 
fr; is because a tube with a high 
f&ft is a better amplifier tube than 
with a low Gm. If the term mu- 
resistance were used, the tube 
the lowest mutual resistance 
be the better tube. Further 
in the service and repair part 
your S. A. R. course you will 
how the Gm value indicates 



the usefulness of a tube for a given 
circuit. 

Refer again to the diode circuit 
of Fig. 4. Suppose there is an ap¬ 
plied changing A. C. input signal, 
having a peak value of 20 volts. To 
illustrate further about the Gm, 
assume that this A. C. signal caus¬ 
es a plate current change equal to 
.5 ma. It is clear that if current 
flows in the space between plate 
and cathode, this space will have 
a certain conductivity value. The 
conductance value in this case is 


equal to- 


20 


40,000 ohms and 


.0005 

this represents a conductance of 

1 

X 1,000,000 or 25 microm- 


40,000 

hos. 


If a grid is now introduced be¬ 
tween the plate and cathode, a tri- 
ode is formed similar to Fig. 3. 
The signal in this case is applied 
to the grid of the tube and again 
there is a change in the plate cir¬ 
cuit voltage equal to 20 volts. In 
this case, the current is caused to 
change by an amount equal to 4 
milliamperes. Note there is now 
a much higher conductivity than 
in the diode circuit. In fact, the re- 

20 

sistance is equal to - 77777 - = 5000 
.004 

ohms. The conductivity is 

X 1 , 000,000 — 200 microm¬ 
hos. In the case of the diode, the 
conductance was 25 micromhos 
and in the case of the triode it is 
200 , or 8 times greater. 

The grid is responsible for this 
increase in conductance. The con¬ 
ductance of the diode was im- 
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proved by the effect of the grid. 
The two conductances—that due to 
the plate circuit and that due to the 
action of the grid are mutually re¬ 
lated — hence mutual conductance 
combines these tivo effects into one 
term. 

In Fig. 4, 20 volts were applied to 
the plate, but in Fig 3, it was stat¬ 
ed that 20 volts appeared at the 
plate. This was brought about as 
explained before by the grid volt¬ 
age being multiplied a certain 
number of times when it was trans¬ 
ferred to the plate circuit. In this 
case, 5 volts have been applied to 
the grid to obtain 20 volts at the 
plate. This gives a signal multiply- 
. 20 

mg power of or 4 times, 
o 

For the diode, it was necessary 
to apply the full 20 volts to the 
plate circuit as this type of circuit 
or tube has no multiplying power 
of its own. 

This actual measurable gain or 
increase in signal voltage when 
amplified by a tube is its amplify¬ 
ing power or, as it is more com¬ 
monly called, the gain of the tube 
or stage. All of the capability of 
amplification does not rest tvith the 
tube, but rather with its associa¬ 
tion to other components to which 
it is connected. 

FACTORS WHICH CONTROL 
AMPLIFICATION 

What things influence the abili¬ 
ty of a tube to amplify? You have 
seen that the tube itself has an in¬ 
herent property or characteristic 
which permits it to amplify. This 
is determined by the position and 
structure of its elements, grid, 
plate, spacing, size, etc. This capa¬ 
bility of the grid to bring about a 


larger voltage in the plate circuit 
is called the amplification factor of 
the tube. The amplification factor 
of a tube can never be attained, but 
it can be closely approached. The 
reason for this is that the actual 
amount of voltage gain or ampli¬ 
fication is determined partly by the 
tube itself and partly by the ratio 
of the external plate load resis-i 
tance, Rl, to the entire plate cir¬ 


cuit. The ratio is 


Rl 

Rl + Rp 


where Rl + Rp make up the entire) 
plate circuit. It is simply the sumj 
of the internal A.C. plate resistance] 
and the external load resistance 
as they are connected in series. 

This principle of ratio of resis¬ 
tance is very important because by 
making a study of it you will un¬ 
derstand the function of a triode 
tube much better. The principle in¬ 
volved is what relative values must 
two resistors have for a maximum 
change in voltage to take place for 
a given change in value for one of 
the resistors ? The ratio of the load 
voltage to the entire voltage is 
_ El_ 

El + Ep 

Since a uniform current is flow¬ 
ing through both resistors the re¬ 
sistance values have the same ratio, 
namely, 

Rl 

Rl H" Rp 

Fig. 14 is a simplified circuit 
used to illustrate this principle in 
which Rp is used to replace Ro. 
When the value of the resistance 
ratio is maximum you know froin 
the foregoing voltage equation th^: 
the voltage change due to a giv^ 
resistance is maximum. Sever® 
values for the Rl of a triode tuM 
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Rl 

Rp 

Rl 


Ans. 


Rl + Rp 



2,000 

10,000 

2,000 

2,000 

= .1666 



2,000 -l- 10,000 

12,000 


5,000 

10,000 

5,000 

5,000 




5,000 10,000 

15,000 

— .ooo 

10,000 

10,000 

10,000 

10,000 




10,000 + 10,000 

20,000 

— .o 

50,000 

10,000 

50,000 

50,000 -t 10,000 

50,000 

60,000 

=.9375 

1 ,000,000 

10,000 

1 ,000,000 

_ 1,000,000 

— QQ 



1 ,000,000 + 10,000 

1 ,010,000 

— 


*ie given in the above table. 
Mote hoAv the ratio of the resis- 
tnee changes for different values 

•ff Rl. 

These examples prove that the 
; i*oistance ratio can never exceed 
1 , because the denominator of the 
ilfeoetion also has the value of the 
■Mierator included with it. How- 

E er, it may approach 1 as Rl is in- 

The amount of actual gain of any 
Miher stage is, therefore, equal 


Rl + Rp 


where Mu is the symbol for the 
theoretical amplifying power of the 
tube. With this information, the ac¬ 
tual amplifying power of a circuit 
using any tube may be plotted in 
graph form for any load or Rl val¬ 
ue. The resulting curve is shown in 
Fig. 21. By making use of this 
curve, the gain of an amplifying 
circuit can be predetermined be¬ 
fore the circuit is built. The curve 
is used in the following manner. 
If, for instance, Rl should be 10,000 
ohms, with Rp also equal to 10,000 
ohms, the ratio 
Rl 

Rl + Rp 
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r 


would equal 

10,000 

10,000 -h 16,000 

Throughout this lesson we have 
referred to Ro as the D. C. plate 
resistance and to Rp as the A. C. 
plate resistance. It is most impor¬ 
tant that you understand that these 
are entirely separate resistance 
values. The Ro (internal D. C. 
plate resistance) limits the flow of 
D. C. plate current from the plate 
battery. Ro also changes in value 
with variations of input signal. Rp 
or the A. C. plate resistance limits 
the flow of effective A. C. or pul¬ 
sating D. C. This value remains 
practically the same within operat¬ 
ing limits of the tube. The Gm of a 
tube does change during the life of 
a tube, and as it decreases in value. 


the tube begins to lose its effective¬ 
ness. When it drops to a minimum 
for a given type of tube, it will 
need replacing with a new tube as 
will be explained in your service 
course lessons. 

Now that you understand more 
about amplification you are ready 
to learn more about other charac¬ 
teristics of a tube. Fig. 22 illus¬ 
trates the next step in your study. 
This graph shows the Eg-Ip curve 
of a tube, meaning the grid voltage 
versus the plate current character¬ 
istic of a tube. Be sure to remember 
this definition of an Eg-Ip curve. 

Note the curve at about the cen¬ 
ter of the figure. It shows the man¬ 
ner in which the plate current (Ip) 
varies with grid voltage (Eg). 
Each type of amplifying tube has 
one of these curves (published by 


10,000 

20,000 


- 0.5. 
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tube TTiaimfactqrers ) and they will 
be of diffcrait shape for different 
type tubes. By studying a curve of 
this type you can tell from it just 
what the tube will do under a given 
set of conditions. The manufactur¬ 
er of the tube plots these curves 
and th^ are standard for the type 
of tube which they represent. 

The way these curves are plotted 
is as follows: The tube is connect¬ 
ed into a circuit with a certain 
plate voltage applied. The negative 
grid voltage is then varied over a 
wide range as indicated along the 
horizontal line of Fig. 22. The 
plate current is then plotted with 
reference to the vertical axis. After 
a number of points have been plot¬ 
ted, a curve such as that shown in 
Fig. 22 is obtained. 

To show the complete action of 
the tube, an A. C. grid voltage Ei 
and the resulting plate current va¬ 
riation I are also plotted in Fig 22. 
The A. C. signal voltage is plotted 
along the vertical line A-B, corres¬ 
ponding to the 13.5 volt negative 
grid voltage used in previous ex¬ 
amples. The pulsating plate cur¬ 
rent of the tube is plotted along the 
horizontal line A-C. This corres¬ 
ponds to the no signal plate current 
flowing with 13.5 volts negative 
bias on the grid or 5 ma. 

Now with this in mind, suppose 
an A. C. signal voltage of 10 volts 
peak is applied to the grid of the 
tube as shown at D on the input 
A. C. wave form. On the positive 
half of the cycle represented by the 
distance D, the effective bias on the 
grid of the tube changes from 13.5 
volts negative to 3.5 volts negative 
(this point on the grid voltage 
scale of the graph needs to be es¬ 
timated). The A. C. grid voltage 


then begins to decrease, which 
means that the total negative grid 
voltage is now increasing from 3.5 
volts negative towards 13.5 volts 
negative because the A. C. input of 
10 volts positive is gradually re¬ 
ducing. The actual grid voltage 
wave form resulting is shown by 
the shaded wave along the line 
A-B. When the A. C. grid voltage 
has reduced to the point E, it is 
zero, and the effective grid voltage 
is the normal 13.5 volts negative 
which is supplied by the battery. 

Next consider the negative half 
of the A. C. cycle. This is repre¬ 
sented by the distance F on the 
grid voltage wave form. At the 
point G the total voltage on the 
grid of the tube has increased to 
23.5 volts negative (negative peak 
of the A. C. signal plus the normal 
bias). When the A. C. signal volt¬ 
age reaches point H on the wave 
form, the voltage on the grid is 
again at the applied value of 13.5 
volts negative. This description of 
the action of the grid shows what 
happens for one cycle. Succeeding 
cycles act on the grid in a like man¬ 
ner. 

Again you will note that an A. C. 
signal voltage increases and de¬ 
creases the total effective grid volt¬ 
age of a tube. Remember, too, that 
this increase and decrease is in re¬ 
lation to the battery or C voltage 
applied to the grid. In other words, 
the A. C. signal voltage adds to and 
subtracts from the battery voltage 
applied to the grid. In the example 
of Fig. 22, an A. C. signal voltage 
of 10 volts is applied to the grid 
to get a total effective change of 
20 volts in the grid circuit (13.5 
~ 10 = 3.5 and 13.5 4- 10 - 23.5. 


Thus 23.5 — 3.5 == 20 volts total 
change). 

Next consider what has hap¬ 
pened to the plate current while 
the grid voltage has been changing. 
It has been mentioned that as the 
grid become less negative^ the 
plate current increases, and if it 
becomes more negative, the plate 
current decreases. 

The plate current wave form (I) 
of Fig 22 shows how the plate cur¬ 
rent follows the exact variations 
of the A. C. grid voltage. As the 
A. C. signal voltage changes from 
D to F on the grid voltage wave 
form, the plate current wave form 
increases to J and then reduces to 
L. Notice that the entire grid volt¬ 


age range is pi^ojected down on the 
Eg-Ip curve of the graph and then 
the points of intersection are pro¬ 
jected to the right, representing 
the entire plate current range. Any 
point of the grid voltage wave form 
projected in this way will show the 
corresponding plate current value 
determined by the Ep-Ip charac¬ 
teristic. Thus every part of a com¬ 
plete grid voltage wave may be 
projected on the curve to deter¬ 
mine the exact plate current varia¬ 
tion over the range of the grid 
voltage. Be sure to keep this basic 
wave form of the Eg-Ip curve in 
mind because you will find contin¬ 
ual reference to it in your radio 
work from time to time. 
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These qaestiaaK are dcaagned to test your knowledge of this lesson. Read them 
over first to see if you can answer them. If you feel confident that you can, then 
write outj^v answers, numbering them to correspond to the questions. If you 
are not raafirfrat that you can answer the questions, re-study the lesson one or 
more t»es before writing out your answers. Be sure to answer every question, 
for if you fail to answer a question, it will reduce your grade on this lesson. 
When an questions have been answered, mail them to us for grading. 


QUESTIONS 

No. 1. Name the two factors which primarily determine the gain of an ampli¬ 
fying stage. 

No. 2. Define the D. C. plate resistance Ro and the Rp or A. C. plate resistance 
of a diode or triode tube. 

No. 3. In what two ways does the amplified signal voltage differ from the input 
grid signal voltage of an amplifier? 

No. 4. For the greatest voltage amplification, should the plate load resistance 
RL be made high or low? 

No. 5. What signal voltage may be expected at the plate of a triode tube if a 
'/2 volt signal is fed into the input—the tube has an Rp of 12,500 ohms, an 
RL of 50,000 ohms and a Mu of 40? (Hint—use Fig. 21.) 

No. 6. For an equal variation in grid and plate voltage, which variation will cause 
the greater change in plate current? 

No. 7. Refer to Fig. 22 and determine what value of plate current would flow if 
the grid were made 35 to 40 volts negative. 

No. 8. Briefly explain what is meant by the mutual conductance (Gm) of a tube. 

No. 9. State where the grid is located in a tube with reference to the position of 
the plate and cathode. 


No. 10. Why may electrons pass through the grid structure even though it is al- 
ways maintained negative? 



